Introduction
Neurosurgery is facilitated by the use of an intraoperative diagnostic neuropathological service, particularly for biopsy specimens of suspected neoplasms. Two main techniques for the intraoperative diagnosis of neurosurgical biopsy specimens are available: cryostat sections and smear or wet film preparations. The use of cryostat sections for rapid diagnosis is popular, particularly with neuropathologists in North America, but in the United Kingdom there has been a long established tradition for using the smear technique as a means of primary investigation.' The relative advantages of each technique have been discussed before.2A As most intrinsic brain tumours (either primary or secondary) are of soft or gelatinous consistency, smear preparations can readily be made. However, biopsy specimens of firmer consistency-for example, from meningiomas or neurofibromasare often difficult to smear and so may be more easily diagnosed on cryostat sections. The soft consistency and gelatinous matrix of many intracerebral tumours is often accompanied by oedema, which makes cryostat sections from such tissues prone to ice-crystal artefact even when prepared under the most carefully controlled circumstances. For brain biopsy interpretation, smear preparations have an advantage over other rapid cytological techniques for solid tissues-for example, imprint preparations-in that fine cellular detail is combined with architectural features which are of diagnostic value.
The choice of the most suitable investigative technique obviously depends on individual experience and preference, and many neuropathologists prefer, if possible, to use both techniques on biopsy specimens if sufficient tissue is available.' However, there is little doubt that use of the smear technique alone in experienced hands is capable of great diagnostic accuracy,2 and it is this method which is considered below. The smear technique has recently enjoyed renewed popularity among neuropathologists as it requires very little tissue to make a satisfactory preparation, making it the method of choice when a rapid diagnosis is requested on a stereotactic biopsy specimen.5 The use of minimally invasive techniques in neurosurgery continues to increase. In experienced hands these highly accurate sampling methods allow a tissue diagnosis to be made on lesions previously considered unsuitable for biopsy, particularly deep-seated thalamic or hypothalamic and brain stem lesions. 5 6 Technical considerations Although the smear technique is ideally suited to specimens from stereotactic biopsy specimens (which typically measure around 8 x 1 x 1 mm), it is applicable to much larger lesions, from which multiple sites can be sampled rapidly. This is of particular advantage when considering the extremely heterogeneous composition of most malignant gliomas, which are the commonest intracerebral tumours in adults and account for most specimens on which a rapid diagnosis is requested.7
The biopsy specimen should be examined as soon as possible after it has been removed from the patient. Small stereotactic biopsy specimens, in particular, will rapidly dry out if left uncovered for even a short period of time, which tends to ruin cytological preservation in smear preparations. All unfixed brain biopsy specimens should be examined and handled in a class I safety cabinet until the smear preparation has been fixed. To make the smear preparation, a fragment of tissue up to 1 mm in diameter is placed at one end of a pre-labelled glass slide. This can be divided into smaller pieces if required, and these can then be transferred on to other glass slides to be smeared ( fig 1A) . The tissue samples should be removed from the biopsy specimen with minimal trauma; im particular, it is advisable to avoid crushing the tissue with forceps as this will seriously impair cytological preservation.
Individual tissue samples on the labelled glass slides are gently crushed by a second slide held at right angles ( fig 1B) . This slide can be gently rotated to spread evenly the specimen across the base of the labelled slide before it is drawn along the length of the labelled slide ( fig 1C) patients'0; unless there is ready access to a "high-risk" laboratory, it is recommended not to perform cryostat sections or smear preparations on biopsy specimens from patients infected with category 3 pathogens. Given these restraints, it is still possible to achieve an accurate diagnosis using the smear technique if the appropriate laboratory facilities are available. Cerebral toxoplasmosis (fig 4  A) and primary brain lymphoma are among the commoner space-occupying lesions occurring in AIDS, and may be diagnosed in smear preparations. Brain biopsy may be indicated for such a lesion if the patient has failed to respond to anti-toxoplasma treatment; toxoplasmosis can be confirmed on smear preparations using rapid immunofluorescence techniques.
Demyelinating disorders can also be studied using the smear technique. Multiple sclerosis occasionally presents with the clinical features of a space-occupying mass, which usually represents the acute phase of a demyelinating plaque."I Biopsy at this stage in the evolution of the plaque usually shows perivascular lymphocytic cuffing with numerous lipid-laden macrophages indicating recent myelin breakdown. Reactive astrocytosis may also be observed, but it is difficult (and unwise) to attempt to estimate the relative numbers of oligodendrocyte nuclei in smear preparations of cerebral white matter. Another demyelinating disorder-progressive multifocal leucoencephalopathy-may also occasionally be investigated using neurosurgical biopsy. This papovavirus infection results in multiple areas of demyelination which are initially perivascular, accompanied by a bizarre reactive astrocytosis."2 These features can be observed in smear preparations, which may also show perivascular lymphocytic cuffing and numerous lipid-laden macrophages ( fig 4B) . Bizarre reactive astrocytes are usually present, and should not be mistaken for neoplastic cells. The Feulgen technique has been used to measure nuclear area, the cellular proliferation index, and ploidy on smear preparations from stereotactic brain tumour biopsy specimens, demonstrating the pronounced cellular heterogeneity within supratentorial gliomas in adults.'4 Additional work in progress suggests that some of this information is of prognostic importance when considered in association with the patient's age and the histological grade of the tumour.
Smear preparations are also suitable for analysis by in situ hybridisation. Monolayer preparations of tumour cells are particularly suitable for interphase cytogenetic studies using fluorescence in situ hybridisation. Tumours of the astroglial series (astrocytoma, anaplastic astrocytoma, and glioblastoma multiforme) frequently exhibit chromosomal abnormalities, including losses of part or all of chromosomes 10 and 13 and polysomy of chromosome 7. These abnormalities often occur in association with other molecular genetic changes, such as amplification of the EGFR gene, and there is evidence to suggest that the incidence of these abnormalities increases with tumour grade. Fluorescence in situ hybridisation has been used to study chromosomal abnormalities in brain smear preparations, which have the additional advantages of avoiding prolonged culture techniques which might otherwise be necessary to obtain sufficient numbers of cells for analysis, thereby avoiding in vitro artefacts.'5
Conclusion
The smear or wet film technique has long been established for the diagnosis of tumours of the brain and associated tissues. The increasing use of minimally invasive neurosurgical techniques has renewed interest in this method, which is of particular value in providing a rapid intraoperative diagnosis on small stereotaxy specimens. The use of the smear technique to examine multiple samples of tissue from intrinsic neoplasms and to investigate infiltrating tumour margins has provided new information on the growth patterns of intrinsic brain tumours which may be of therapeutic potential. The smear technique can also be applied to non-neoplastic lesions, which form an increasing part of the diagnostic workload in many neuropathology laboratories. The fine cytological detail in monolayer smear preparations renders this material particularly suitable for studies of brain tumour biology, including cell proliferation, cell ploidy, and in situ hybridisation studies which are otherwise possible only after prolonged tumour cell culture.
